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Introduction
Economic equity and reduction in income inequality has long been pursued at various levels in several countries in the world. In fact, a vast body of literature explores the association between inequality and economic performance (see, e.g., Castelló & Doménech, 2002; Chen & Fleisher, 1996; Gyimah-Brempong, 2002; Kuznets, 1955; Panizza, 2002; Seguino, 2000; Shin, 2012) . Similarly, equity in information access is gradually becoming part of the globalization orthodoxy. Thus, easy access to information is a growing priority in most parts of the world.
Today, the internet has rapidly acquired a place in society, and without doubt, it is indeed a viable way to achieve information equity. While the internet appears to have a global reach, its use across countries seems uneven. For instance, data from the Statistics Portal on internet usage suggests that only 19% of the Indian population have access to the internet, compared to 43% of Vietnamese. On the other hand, 92% of South Koreans have internet access. Despite the benefits of the internet and technology in general, and the prospects it presents to development and information equity, one cannot help but observe the roles of variables such as gender, education and other socio-economic variables in determining internet usage. A vast literature examines the impact of gender on the use of internet and ICT in general (see, e.g., Bimber, 2000; Joiner et al., 2005; Li & Kirkup, 2007; Shaw & Gant, 2002; Weiser, 2000) , and also the impact of socio-economic status such as education and income (see, e.g., Birru et al., 2004; Fogel, 2002; Schmar-Dobler, 2003) . However, the digital inequality and social heterogeneity nexus can be traced not only to gender, education and income, but potentially to race and ethnicity. This study focuses on whether and how ethnic heterogeneity affects equity in information proxied by internet access and use.
Conceptually, ethnic diversity could affect internet access and use in various ways. For instance, existing research shows that pupils and girls from ethnic-minority backgrounds often have less affinity for technology, and also less experience in using them (see, e.g., Sutton, 1991; Volman & van Eck, 2001; Volman et al., 2005) . Of course, it is not obvious that these categories of individuals are in this predicament because of their ethnicity. In fact, ethnic minorities are often poorer and less educated, which could explain this phenomenon.
Consider also an example in the context of demographic characteristics. Various geographic locations have been associated with specific ethnic groups. For instance, in Ghana, the Ewes are often located in the Volta Region while the Fantes are located in the Central Region. These geographic locations are characterized by different levels of development and thus, demographic characteristics could be a potential channel through which ethnic diversity could affect the use of technology. Also, research has shown that different cultural and ethnic groups respond differently to technological innovations, and thus technological innovations such as the internet would gain acceptance in some areas much rapidly than others (see, e.g., Dwyer et al., 2005; Edwards et al., 2002; Takada & Jain, 1991; Yeniyurt & Townsend, 2003) . For example, some ethnic groups believe that technology might interfere with the integrity of their culture.
Overall, the conventional wisdom gathered by the extant literature reveals that ethnic minorities are less likely to use and have internet access (see, e.g., Fox & Livingston, 2007) . Our study is differentiated from these existing studies given that we examine the effect of ethnic fractionalization on internet use and access. We argue that an increase in ethnic heterogeneity is characterized by an inherent hierarchical system which projects one ethnic group as superior over the other. Thus, the disadvantages faced by the so called ethnic minorities emerge as a result of fractionalization which basically labels some groups as inferior to others. We use indices of ethnic and linguistic fractionalization to capture ethnic and linguistic diversity, while our measures of internet access and use include subscribers of broadband internet and users of internet, respectively. Evidence points to a negative association between fractionalization and our outcome measures.
The remainder of this paper is structured as follows. The next section presents the data and empirical approach. Sections 3 and 4 discuss the results and robustness exercises, respectively. Finally, Section 5 concludes.
Data and Empirical Approach

Data
Our measures of ethnic and linguistic fractionalization are drawn from Alesina and Zhuravskaya (2011) . They construct indices of ethnic and linguistic fractionalization for a cross-section of countries. Indices of fractionalization capture the probability that two randomly selected individuals are from different ethnic/linguistic groups 1 . Indices from Alesina and Zhuravskaya (2011) are created based on data availability and thus constructed indices for each country do not belong to one specific year. The Indices are therefore calculated based on information drawn from census closest to the year 2000. Given the persistence of ethnic and linguistic fractionalization over long horizons, the differences in years of the fractionalization indices do not pose a problem for us. However, for other variables included in our analysis, we take the average value for each country for the decade 2000 to 2009.
Our measures of internet access and use are drawn from the World Bank database. Measures of internet access include mobile phone subscriptions per 100 people and fixed broadband internet subscription per 100 people. Mobile phones subscriptions are subscriptions to a public mobile telephone service using cellular technology, which provide access to the public switched telephone network. This measure includes both post-paid and prepaid subscriptions. Fixed broadband internet subscribers are the number of broadband subscribers with a digital subscriber line, cable modem, or other high-speed technology. Our measure of internet use is internet users per 100 people. This indicator captures individuals who have used the Internet (from any location) in the last 12 months. Internet can be used via a computer, mobile phone, personal digital assistant, etc. We use these three measures as dependent variables in our regressions.
With regards to explanatory variables, previous literature shows the importance of various factors in determining internet use. First, existing research shows that social and demographic characteristics significantly affect internet use (see, e.g., Jiang, 2009; Lin, 1998; Rogers, 2010; Zhu & He, 2002) . Particularly, the nature of a population group could be a determinant of internet use, and thus social demographics is an important factor to consider given that users and non-users of the internet may be differentiated by demographics. For instance, individuals leaving in urban areas may have the advantage of internet use over those in rural areas. Urbanization is therefore an important predictor of internet use. In this study, consistent with existing literature, we use the percentage of the total population living in urban areas as a measure of urbanization.
Researchers have also identified education as a determinant of internet use and technology adoption as a whole. Busselle et al. (1999) , for instance, argue that the young, educated and affluent are often among the early adopters of new technologies relating to ICT. Related evidence also shows that the use of information technology is more prevalent among better educated individuals (see, e.g., Consoli, 2008; DiMaggio et al., 2001; James et al., 1995) . This is mainly because, the use of internet requires the basic ability to read, and thus one would expect a correlation between literacy and the adoption of technologies such as the internet. We therefore control for literacy rate in our regressions.
From another perspective, it is argued that higher income enables households and individuals to purchase new technologies, and access other devices that are not available to others (see, e.g., Al-Hammadany & Heshmati, 2011; Kshetri, 2001) . Thus, it is expected that economic factors such as income level and available infrastructure would affect internet availability, access and use. Income level is proxied by GDP per capita. To capture variations in income level within each country, we also include the GINI coefficient. Furthermore, internet use could be a function of not just current levels of economic activity per person, but also economic growth. Thus, we also control for economic growth using GDP growth rates. For internet related infrastructure, consistent with the existing literature, we use telephone lines (see, e.g., Chinn & Fairlie, 2006) . Additionally, given that ethnic fractionalization is less disruptive in democracies (Collier, 2000) , we adopt the POLITY IV democracy index to control for democracy. This measure captures the level of democracy or autocracy in an economy. 'Polity Scores' range from -10 to +10, with -10 to -6 corresponding to autocracies, -5 to 5 corresponding to anocracies, and 6 to 10 to democracies.
Lastly, given that most software and internet platforms are in English, it has been argued that the internet tends to favour the English speaking population. This is also true given that a large percentage of the World Wide Web content is in English (Nunberg, 2000) . Thus, we control for countries that have English as their first language or were colonized by the English. Except for our democracy index and dummies capturing language, we use the log form of all variables as they are all skewed compared to our indices of fractionalization which take values between zero and one. Table 1 presents a summary statistics and description of variables used in our regressions.
[ Table 1 here]
Empirical Approach
Our primary goal is to establish whether ethnic and linguistic fractionalization is associated with internet access and use, conditional on other relevant determinants. We therefore run regressions of the form;
Here, indexes countries, stands for measures of internet use and access; represents indices of ethnic and linguistic fractionalization; is a vector of country level covariates that could potentially affect internet use and access. Finally, is the heteroskedastic error term.
We estimate the above model using OLS regressions adjusted for heteroskedasticity. This regression approach seems appropriate as we do not expect endogeneity. It is unlikely that internet access and use may affect the composition of ethnic groups in society. Furthermore, given that measures of ethnic and linguistic fractionalization are highly persistent, changes in indices of fractionalization would occur only over a long period of time, possibly over a 30 year horizon (Alesina et al., 2003) .
As a form of robust check, we supplement our OLS regressions with median regressions. Median regressions estimate conditional median functions rather the often used conditional mean functions. This regression approach minimizes the absolute deviations and thus provides estimates that are less susceptible to outlier problems compared to mean regressions.
Results and Discussions
Regressions in Table 2 present results for the association between indices of fractionalization and our outcome variables. Columns 1 to 3 present results for the effect of ethnic fractionalization while columns 4 to 6 present results for linguistic fractionalization.
[ Table 2 here]
Quite robustly, results show that the associations between ethnic fractionalization and broadband subscription (column 1), and also linguistic fractionalization and broadband subscription (column 4) are negative. This suggests that higher levels of fractionalization (both ethnic and linguistic) are negatively associated with broadband subscriptions. Specifically, from column 1, we observe that movement from complete ethnic homogeneity to complete ethnic heterogeneity is associated with a decrease of 54 percentage points in the level of broadband subscriptions. Put differently, a standard deviation increase in ethnic fractionalization is associated with a 0.05 standard deviation decline in the level of broadband subscriptions. From column 4, results show that movement from complete linguistic homogeneity to heterogeneity is associated a decline of 55 percentage points in the level of internet users. A standard deviation increase in ethnic fractionalization is associated with a decline of 0.05 standard deviations in the level of broadband subscriptions.
For regressions explaining mobile subscriptions (columns 2 and 5), while the coefficients of fractionalization are negative, they are statistically insignificant. Thus, results show that there is no significant association between our indices of fractionalization and mobile subscriptions.
Turning to the association between indices of fractionalization and internet users, results are similar to what we observe for broadband subscriptions. From column 3, we find that a transition from complete ethnic homogeneity to complete heterogeneity is associated with a decline of 53 percentage points in the level of internet users. A standard deviation increase in ethnic fractionalization leads to a decline of 0.09 standard deviations in broadband subscriptions. We also find a negative association between linguistic fractionalization and internet users. Specifically, movement from complete linguistic homogeneity to complete heterogeneity is associated with a decline of 59 percentage points in the level of internet users. A standard deviation increase in linguistic fractionalization is associated with a 0.10 standard deviation decrease in the level of internet users.
Thus, overall, results show that fractionalization (both ethnic and linguistic) hinders internet access and use. A number of potential channels could explain these results. First, it has been argued that higher levels of fractionalization could have negative influences on society. Particularly, highly fractionalized societies often have lower levels of public goods (see, e.g., Muñoz & de Soysa, 2010) . Furthermore, evidence suggests that higher level of ethnic fractionalization makes governance difficult and leads to poorer governance qualities (e.g., Alesina & Zhuravskaya, 2011) . Consequently the prevalence of dissent in ethnically heterogeneous countries is much higher. Governments may consider such dissents as threats and may respond to such threats with reduced levels of public goods in the form of ICT access. This in the long run affects the access to the internet and subsequently its use.
Another possible explanation for the observed association is the categorization of ethnics which fractionalization induces. Ethnic fractionalization leads to higher levels of discrimination in society which is often characterized by the classification of a segment of society referred to as minorities. This segment are often discriminated against and in most cases are less privileged with regards to internet access and use. For instance, early research conducted by Neu et al. (1999) shows that minorities such as black and non-white Hispanics in the US are less likely to participate in internet activities. This could be due to their inability to afford internet related devices such as computers, given that minorities are often relegated with less opportunity and income.
Another possibility is that certain individuals in ethnically fractionalized societies become increasingly insular in order to protect their national identity. Indeed, evidence from the United States and Britain suggests that some ethnic minorities limit their participation and involvement in wider society. For example, Phillips (2006) argues that British people of South Asian origin, particularly British Muslims, are actively withdrawing from interactions with the wider British society because of fears of rejection, racism, and harassment. Similarly, Ulsaner and Conley (2003) show that strong social ties within minority ethnic Chinese communities in the United States lead them to withdraw from civic engagement within the larger community often because of lack of trust. Overall, these studies show that ethnic differences create and reinforce segregation often fuelled by stereotypes about what different people are like. This study provides evidence which suggest that ethnic fractionalization leads to lower usage of the internet, possibly because it is regarded as the ultimate melting pot, where people from all over the world can get together. Therefore, in societies with a plethora of ethnicities, where ethnic groups are being constantly challenged by other cultural identities, it can make sense to shun the internet in favor of smaller social groups.
Furthermore on the issue of trust, evidence suggests that there is an inverse relationship between fractionalization and generalized trust (see, e.g., Alesina & Zhuravskaya, 2011) . Thus, trust is lower in more fractionalized countries. Given that trust is a major component of social capital and social networks, we can expect higher fractionalization to negatively affect internet use. Specifically, the internet is a platform where individuals develop strong social networks but these networks become weaker in with lower levels of trust. Thus, as fractionalization leads to lower levels of trust, individuals become more cautious of forming or becoming part of social networks, especially via the internet.
Robustness Checks
We provide three extra set of results to examine the robustness of our findings. These analyses involve the use of an alternative dataset for fractionalization, the introduction of an additional control variable and also the use of a different estimation method.
As indicated earlier, we adopt the median regression technique to supplement OLS results. Table 3 presents results for median regressions with bootstrapped standard errors. We find that, quite consistently, the use of different estimation technique does not affect the nature of our results. The association between fractionalization and measures of internet access and use mostly remain the same with slight variations in the magnitude of coefficients. Results in Column 4 show an insignificant coefficient for linguistic fractionalization, and this appears to be the only major variation. Overall, the negative association between fractionalization and internet use and access is robust to estimation type. Given that median regressions are effective in dealing with outlier issues, findings here give us confidence that we are not faced with major outlier issues.
[ Table 3 here]
Next we adopt alternative measures of fractionalization to verify that the observed relationship between fractionalization and internet use and access is not driven by our measure of ethnic and linguistic fractionalization. To this end, we draw on different measures of ethnic and linguistic fractionalization developed by Alesina et al. (2003) . Alesina et al. (2003) also compute indices of fractionalization which is different from what Alesina and Zhuravskaya (2011) provide. Alesina and Zhuravskaya (2011) collect census information at the sub-national (regional/district) level for countries in the cross-section, and use this information to construct sub-national level indices of fractionalization. They then aggregate the sub-national indices of fractionalization into national-level indices. Alesina et al. (2003) on the other hand, construct their indices directly at the national level.
Results for alternative measures of fractionalization are reported in Table 4 . Results here are also largely consistent with the earlier reported negative relationship between fractionalization and our outcome variables. Furthermore, results here show more severe effects of fractionalization on our outcome variables. This is evident given the magnitude of the coefficients that explain the association between fractionalization and internet use and access. We also note that the coefficient in column 2 which was statistically insignificant in Tables 2 now gains significance in Table 4 with the use of the alternative fractionalization measures. Nonetheless, it is apparent that the observed associations between our outcome variables and fractionalization are robust to the measures of fractionalization used.
[ Table 4 here]
Lastly, we include an interaction term in our specification to observe if this presents any variations in our results. Specifically, we interact indices of fractionalization with GDP per capita. Results for this specification are presented in Table 5 .
[ Table 5 here]
Here, we observe that fractionalization (both ethnic and linguistic) loose significance in regressions explaining broadband subscriptions (columns 1 and 4). However, results for the association between internet users and fractionalization are robust to the inclusion of the interaction term, as results consistently show a negative association.
Summary and Conclusions
At a first glance, ethnic diversity and the internet appear to be two very divergent subjects. However, a closer examination reveals that individual and group identity are essential factors that affect the use of information technology. In this study, we hypothesize a relationship between internet related outcomes and ethnic diversity measured by indices of ethnic and linguistic fractionalization. We consider three measures of internet access and use namely; number of broadband subscribers, number of mobile phone subscribers and number of internet users. We find evidence of a negative association between ethnic diversity and the internet use.
Internet usage is one aspect of the digital divide, and thus we provide evidence of ethnic fractionalization contributing to the digital divide. Ethnicity and ethnic diversity are social constructs and the evidence provided here lend support to a vast body of existing literature which suggest that social constructs evolve to affect the information age significantly.
Potential channels that explain the effect of fractionalization on internet access and use include trust, governance qualities and discrimination. Fractionalization leads to lower levels of trust and poorer governance qualities. Lower levels of trust negatively affect the establishment and strength of social networks, and this extends to internet use as the internet is a platform used in forging social links. Poorer governance, on the hand, lead to lower public goods (including the internet), and also an unequitable share of public resources. Furthermore, fractionalization leads to higher levels of discriminations which prevent some segment of society from accessing or using the internet. 
